In Drosophila the teashirt gene, coding for a zinc ®nger protein, is active in speci®c body parts for patterning. For example, Teashirt is required in the trunk (thorax and abdomen) tagmata of the embryo, parts of the intestine and the proximal parts of appendages. Here we report the isolation of vertebrate cDNAs related to teashirt. As in Drosophila, human and murine proteins possess three widely spaced zinc ®nger motifs. Additionally, we describe the expression patterns of the two murine genes. Both genes show regionalised patterns of expression, in the trunk, in the developing limbs and the gut. q
Results and discussion
In Drosophila, teashirt (tsh) is involved in the speci®ca-tion of the embryonic trunk (Fasano et al., 1991) , parts of the intestine (Mathies et al., 1994) and the proximal part of the adult appendages . Tsh acts both with Hox proteins and the Wnt signalling pathway for patterning (de Zulueta et al., 1994; Gallet et al., 1999; Gallet et al., 1998; Ro Èder et al., 1992) . Here we describe two putative human and two murine orthologues of Drosophila tsh.
Using a tBlastn (Altschul, 1990 ) approach we found a human genomic sequence (gb/AC004505). Subsequent Blastn searches resulted in the discovery of a second human cDNA sequence AF03698 (Scanlan et al., 1998) and mouse EST sequences with a high degree of homology to the human genes. Mouse ESTs fell into two classes which we referred to as mtsh1 and mtsh2. cDNAs and genomic DNA corresponding to both mouse genes were isolated. The vertebrate Tsh proteins share a conserved structural organization with Drosophila Tsh. The proteins possess three atypical widely-spaced zinc ®nger motifs and an acidic domain (Fig. 1) .
mtsh1 expression is ®rst detected in 9±9.5 d.p.c. embryos (20±22 somite stage). Transcripts are only detected in the trunk region. At this stage, mtsh1 is expressed in the neural tube, the somites, the mesenchyme of the developing forelimb buds and in the region of the foregut (Fig. 2a) . In the neural tube, the anterior border lies in the posterior part of the hindbrain whereas the caudal boundary lies adjacent to the last, newly-formed somite (Fig. 2a ). Cross sections at the level of spinal cord revealed that mtsh1 transcripts are restricted to the dorsal part of the neural tube (Fig. 2b) .
In the paraxial mesoderm, mtsh1 transcripts are detected in differentiated somites. In the caudal part of the embryo, the expression levels diminish gradually (Fig. 2a) . In transverse sections mtsh1 mRNAs are restricted to the dorsal part of the somite (Fig. 2b) . Transcripts are also detected in the mesenchyme of the forelimb bud (Fig. 2b) as well as in the distal parts of the ®rst branchial arch (not shown).
In 11 d.p.c. embryos, mtsh1 expression is maintained in the dorsal part of the neural tube. However, the anterior boundary appears to regress posteriorly (arrow Fig. 2c ). In the somitic mesoderm, the anterior limit is at the boundary between somite 3/4 (Fig. 2c,d ). In transverse sections at the level of the trunk mtsh1 expression is maintained in the dermomyotome (not shown). At this stage, mtsh1 expression is also detected in the ®rst and second branchial arches, with stronger levels in the more distal mesenchyme (Fig.  2d) .
At 10.5 d.p.c., mtsh1 mRNAs are detected in two proximal regions and in a more distally located posterior zone of the limb bud ( Fig. 2e) . At 11d.p.c., mtsh1 expression extends distally through the progress zone (Fig. 2d) . In these regions, mtsh1 expression is restricted to mesenchyme. At 13 d.p.c., mtsh1 is expressed in the mesenchyme at the tip of the digits and in a posterior region proximal to digit 5 (Fig. 2f) .
mtsh2 mRNA can be ®rst detected in the presumptive forelimb buds in 9±9.5-day-old embryos. In contrast to encode proteins containing such zinc ®nger motifs (ScanProsite with a pattern, SwissProt and TrEMBL). Spacing between these motifs is variable and is indicated by the number above the line. Triangles indicate additional potential zinc ®nger motifs (Cx2Cx12Hx3-4H) which are not Tsh-like. AD: indicates a domain rich in glutamic and aspartic residues. Grey dashed lines indicate missing sequence data. (B) Sequence comparison of the three zinc ®nger domains of Drosophila (DTsh), mouse (mTsh1, mTsh2) and human (TSH1, TSH2) Tsh proteins. Zinc ®nger motifs are boxed; conserved amino acids are highlighted in black whereas conservative changes are highlighted in grey. Sequence comparison of the region corresponding to the zinc ®nger motifs no. 2 and no. 3 clearly indicates that mTsh1 and mTsh2 are respectively orthologs to TSH1 and TSH2 (96% identity). In this region the other alignments indicate that the vertebrate proteins exhibit 67% of identity. Drosophila and vertebrate Tsh proteins show the highest conservation in the second zinc ®nger motif: 52% identity and 65% similarity. Analysis of the DNA sequence (gb/ AF039698) encoding for NY-CO-33 reveals that it encodes for a protein with two Tsh-like zinc ®nger motifs and not only one as proposed previously (Scanlan et al., 1998) . DNA sequence comparison suggest that mtsh1 and mtsh2 are respectively the orthologues of AF039698 (TSH1) and AC004505 (TSH2). Dashed lines indicate either gaps or unknown sequence data. mtsh1, mtsh2 is not detected in paraxial mesoderm nor in the neurectoderm at this stage (Fig. 3a) . In 10.5 d.p.c. embryos, strong expression is observed in the limb buds. In the forelimb, mtsh2 expression is detected throughout the mesenchyme underlying the apical ectodermal ridge (Fig. 3b); expression is more extensive in the ventral, compared to the dorsal part (Fig. 3b,c) .
At this stage, mtsh2 mRNA is detected in the somites just posterior to the hindlimb and in all somites up to the forelimb bud (Fig. 3b) . Expression levels decrease gradually in the anteriorly located somites adjacent to the forelimb bud (Fig. 3b,c) . mtsh2 is also expressed in part of the hindgut (Fig. 3i) .
At 12.5 d.p.c., mtsh2 transcripts are detected in two dorso-lateral regions of the neural tube, the limb buds and whisker pads (Fig. 3 d,g ). In 13.5 d.p.c., in the limb bud, mtsh2 mRNAs are localized in a proximal domain of the interdigital regions and at more proximal level. mtsh2 expression is stronger near the lateral margin of digit 1 (arrow Fig. 3g) .
Our results support the hypothesis that Teashirt function may have been conserved for patterning the primary axis and speci®cation of limb structures.
Methods
mtsh1 and mtsh2 probes were generated from two mouse EST clones (dbest id: AA589598; dbest id: AA763786). A mouse limb bud lZAPcDNA library (11 d.p.c., Stratagene) and a mouse 129 isogenetic library were screened with both probes using a standard protocol (Church and Gilbert, 1984) . Several cDNA clones were analysed, none of these cDNAs contained the complete coding regions. Partial sequences of genomic clones corresponding respectively to mtsh1 and mtsh2 allow us to identify 5 H coding sequences that were not represented by any of the cDNAs. The composite sequences of mtsh1 and mtsh2 cDNA are deposited in the GenBank database respectively under the accession numbers AF191309 and AF207880.
For in situ analysis, EST AA589598 (mtsh1) and EST AA763786 (mtsh2) were used to generate probes. The mtsh1 cDNA was linearized with XhoI and mtsh2 with EcoR1 and both were transcribed using T3 RNA polymerase. Whole-mount in situ hybridization using digoxigeninlabelled (Boehringer) RNA probes were performed as previously described (Henrique et al., 1995) . For sections, embryos were cryopreserved in PBS, 4% sucrose, frozen in OCT compound and sectioned at 20±30 mm using a cryostat.
